Background: Evaluating blood ordering and subsequent development of a blood ordering schedule can decrease over-ordering of blood among pediatric surgical patients. The objective is to assess our practice of blood utilization using various blood utilization indices and calculate the Maximal Surgical Blood Order Schedule (MSBOS). This is a cross-sectional study for 3 years that included patients (≤ 18 years old) who underwent major surgical procedures in the Philippine Children's Medical Center. Data included type of surgery, age and sex, number of units crossmatched, number of units transfused, and timing of transfusion. Indices were calculated.
Background
It is observed that there is an excessive pre-operative over-ordering of blood products among elective pediatric elective patients leading to increasing costs and waste of limited supply of blood. A blood ordering system should be created so that excessive or even unnecessary blood ordering is prevented. Such ordering system may be created if we study the indices used in blood ordering for each specific surgical case; amount of blood ordered for that case and the blood eventually transfused in that case, so that we can tailor blood ordering to a specific surgical patient.
There have been suggestions by clinicians to establish a structured ordering system to improve blood utilization. The main objective of creating a MSBOS is to reduce unnecessary requisition of blood products [1] . Ordering large quantities of crossmatched blood for surgical patients of which little is utilized creates an artificial shortage in the reserves, wastes valuable technical time, and squanders expensive reagent [2] . Blood banks face an everincreasing demand for blood and its components. It has been reported that only 30% of crossmatched blood is used in elective surgery [3] . In a report by Mwambungu et al. in 2015, only 64% of crossmatched blood was utilized [4] . The review of literature reports that underutilization of blood products or unnecessary blood requisition is still common in most hospitals.
Common variations in rates of transfusion may be due to many factors, including differing opinions in the threshold level of hemoglobin below which a patient needs blood transfusion, differences in surgical and anesthetic techniques, cancelation of cases, differences in case mix, pre-operative anemia, and a lack of availability of transfusion protocols. Unnecessary ordering of blood for surgical patients can be reduced without having any detrimental effect on the safety of the patient. The use of blood conservation policies such as the MSBOS has succeeded in limiting unnecessary transfusion practices. MSBOS (1.5× transfusion index) estimates the amount of blood that will be needed for the individual procedure. This is the criterion developed from usage statistics providing a figure for the number of units to be crossmatched for any surgical procedure [1, 5] .
Pre-operative blood ordering protocols generally do not contemplate the differences between patients with high and low risks of bleeding. Probably, it is important to assess the influence of the surgical technique itself instead of the duration. In two studies of adult elective patients undergoing minimally invasive versus open colon surgery, there is a difference in intra-operative transfusion rates [6, 7] . This may hold true among pediatric patients that blood transfusion protocols should be guided by the procedure. Although, some physicians often argue that blood products should be ready during surgery in case a need arises to prevent complications due to the low blood volume in pediatric patients. This ideology mitigates rising hospital costs in the event of unnecessary blood pre-ordering. But such ideology wastes precious hospital resources, and thus, a formulation of blood transfusion protocols in elective surgery patients should be created and be widely accepted among practitioners. Blood utilization indices are described as follows:
Methods

Research design and description of study
1) Crossmatch to transfusion ratio (C/T ratio) = number of units crossmatched/number of units transfused. A ratio of 2.0 and below is considered appropriate blood usage. C/T ratio is an important national quality indicator that is used to gauge the appropriate use of services offered by the transfusion laboratory service. High C/T ratio implies that crossmatches were performed unnecessarily when a Group-Screen and Hold (GSH) would have sufficed. Our institution has adopted a ratio of greater than 2.0 as indicator for significant unutilized blood usage 2) Transfusion probability (%T) = number of patients transfused/number of patients crossmatched × 100. A value of 30% and above was considered indicative of significant blood usage 3) Transfusion index (TI) = number of units transfused/number of patients crossmatched. A value of 0.5 or more was considered indicative of significant blood utilization 4) Maximal Surgical Blood Order Schedule (MSBOS) = 1.5 × TI
These are the cases and categorization of procedure done in whom blood was routinely requested preoperatively in our institution ( Table 1) .
Exclusion criteria
The exclusion criteria are as follows:
1.) Patients who underwent major trauma, orthopedic (i.e., amputation), and cardiac surgeries were excluded because these were patients who need liberal blood transfusion 2.) Patients who underwent major gynecologic and obstetric procedures 3.) Patients who needed pre-operative blood transfusion (with hemoglobin less than 10 or hematocrit less than 30) 4.) Patients who had ongoing blood losses in spite of adequate hematologic parameter (hemoglobin more than 10 or hematocrit more than 30)
It is inappropriate to suggest a maximum surgical blood order to procedures relating to trauma, treatment of gastrointestinal hemorrhage, and major orthopedic procedures in children because they were associated with substantial post-operative hemorrhage.
Data collection
Data collected included the number of blood units crossmatched and transfused and the number of patients crossmatched and transfused. The data was used in the computation of the blood transfusion indices (C/T ratio, %T, and TI; see Section of Operational Terms). This will be categorized in the different surgical procedures pertinent to the age of the child. Lastly, the MSBOS was calculated in the different surgical procedures in the pediatric patient categorized by different age groups.
Results
During the 3-year study period, a total of 5314 cases were performed by the Division of Pediatric Surgery.
Among this, 935 patients were identified and satisfied the inclusion and exclusion criteria. Of the 935 patients, a total of 1035 units of pRBC (packed RBC) were requested. Out of the 1035 units requested and crossmatched, only 405 units were transfused. This study revealed that the utilization rate was only 39.1% of the crossmatched blood. Of the total number of cases, 81.7% are done as elective cases.
The data collected was presented as blood utilization indices (see the "Methods" section) among procedures commonly performed at our institution (Table 1) .
By eliminating C/T ratio of procedures (highlighted in asterisk "*") that are more than 2.0, the calculated MSBOS can suggest the number of units crossmatched needed for procedures in which blood is commonly utilized ( Table 2 ). The indices calculated in among the different procedures showed that in other procedures that have blood commonly crossmatched but infrequently transfused, a type and screen (T&S) can be ordered in these procedures. Thus, a type screen for blood products can be requested for procedures not included in this new blood request policy. Only procedures involving major abdominal, major thoracic, abdominal wall defects, and hepatobiliary surgery require only 1 unit of pre-operative crossmatched blood.
Discussion
Friedman advocated the use of MSBOS with the goal to make pre-operative blood orders more closely coincide with the number of units of blood which will actually be transfused to patients undergoing surgical procedures [8] . But their study was limited to patients more than 18 years old. Pediatric patients were excluded because of the variable blood product requirements, which in children are influenced by blood volumes.
Currently, our institution is working on a blood transfusion policy that leads to efficient blood usage. Schmotzer et al. in 2010 reviewed their policy in which they Appendectomy  33  3  33  3 11.0* 9.09 0.09 0.14 implemented an evidence-based procedure-specific RBC preparation to each type of surgery in the pediatric age group [9] . In their review, they used the preparation-totransfusion ratio (P:T) instead of C:T, the P:T ratio included uncrossmatched RBC aliquot in contrast to the C:T. The inclusion of uncrossmatched may not reflect current peri-operative blood ordering practices. They also used MSBOS guidelines, but their model used blood volumes that are specific to each surgical patient instead of the number of units transfused. In their model for each procedure, the volume used in each patient was calculated by subtracting the volume of blood returned to the blood bank from the volume issued by the blood bank to the patient. The procedure-specific volumebased guidelines developed in this system serve as a good estimate to the actual blood usage for each patient. Their results did not differentiate the actual blood usage of each type of procedure but rather estimate the blood volume to each type of surgical specialty (i.e., general surgery and orthopedic surgery). Surgical procedures were categorized into different specialties, eliminating the essence of procedure-specific blood transfusion requirements. In our proposed model, the total unit used refers to normal units (250 cc per unit) and blood aliquots (a unit that has been divided into 2 or 3 smaller units). Understandably, the number of RBC units transfused may not accurately reflect total volume transfused or volume transfused in milliliter per kilogram. Although we can extract patient weight, we cannot extract the actual blood volume transfused as was previously done by the group of Schmotzer from our database. Instead, some aspects of our data were similar to the group by Keung et al. done in a tertiary Australian pediatric center [10] .. They have used units of blood instead of volume on RBC transfusion. And they have described the percentage of transfusion specific to each procedure.
Some authors argue that MSBOS is of limited use. Palmer et al. [11] used and compared a patient-specific blood ordering system (PSBOS) in predicting who will receive transfusion than using a MSBOS. They have studied a formula to predict blood transfusion among adult patients undergoing elective surgery using starting hematocrit prior to surgery, estimated blood volume, anticipated blood loss, and predicted hematocrit at the end of the surgery. Their results showed the PSBOS has a high specificity at 93% but only sensitive at 41%. The PSBOS takes into account perceived blood loss as judged by the operating surgeon and analyzes pre-op and post-op hematocrit, which theoretically can estimate actual blood usage. The low sensitivity as they reported limits its clinical use.
One of the limitations of the study was to exclude trauma patients; it may not be necessarily be true that there is no excessive blood ordering among this subgroup of patients. Surgeons and anesthesiologist currently advocate liberal transfusion policies in the trauma, but this practice can still change soon especially if we audit and analyze our results among trauma patients in the future.
The type and screen (T and S) approach is commonly accepted worldwide which is applied to cases where the transfusion probability is low [1, 12] . The T and S approach can lead to a safe, effective and economic solution to ordering of blood especially to a resource-poor setting like ours. And from our results, we can adopt this policy and perform type and screen to procedures with less chance of blood transfusion.
There have been a few reports on the use of MSBOS in pediatric patients. Our series hopes to establish a baseline model as a way to improve blood utilization especially in resource-limited areas catering to the pediatric population. Our center handles various cases and has a different case mix compared to other pediatric centers. Our data is a reflection of the majority of cases handled in different institutions and thus can be extrapolated or compared to assess the blood usage in each pediatric procedure. Lastly, our data examined only RBC use and not anymore plasma and platelet. In the review of our data and matched to our inclusion and exclusion criteria, we have found that patients needing peri-operative platelet or plasma transfusion were patients with ongoing hemorrhage or major medical co-morbidities. This limits our analysis to the usage of RBC in our setting. Usage patterns of these other products would also be of interest and we can include these in our analysis in the future.
Conclusion
Our results show that only 39.1% of crossmatched blood is utilized; this is a reflection of inefficient blood usage practice. The computed blood indices (C/T ratio, %T, and TI) among different procedures in different age group indicates that there are procedures where routine crossmatching of requested blood may be eliminated. The creation of MSBOS based on our own's institution data could further improve our current blood requisition practice. The MSBOS which is largely applied to adult population long with other blood utilization indices can be applied to pediatric blood usage. And our data shows that the majority of elective pediatric surgical procedures routine crossmatch is not necessary which is proven by our underutilization of requested blood products. Developing our own institution-based blood ordering policy which limits excessive blood ordering can reduce unnecessary compatibility testing, returning of unused blood and wastage due to outdating. 
